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INTRODUCTION:

An ever-increasing number of military personnel and civilians alike must work daily without
adequate sleep. Although considerable data show that sleep deprivation alters many aspects of
behavior, including motor skills and cognitive performance, little is known about changes in the

~ brain substrate underlying the behavioral effects. Even less is known about the cerebral effects
of recovery sleep. The overarching objective of this study is to investigate the effects of 2 full
nights of sleep loss and 2 full nights of recovery sleep on cognitive performance and brain
function. To accomplish this goal we will study 40 individuals for 6 nights and 6 days. Over the
course of this period, subjects will receive 4 polysomnograms and 10 functional magnetic
resonance imaging (FMRI) sessions. During the FMRI sessions, functional brain imaging data
will be collected while subjects perform each of 3 cognitive tasks: sustained attention, anthmetlc
working memory, and verbal learning. In addition to these 40 individuals in the sleep
deprivation protocol, we will recruit 10 separate individuals who will participate only in the FMRI
portion of the protocol, not the sleep or sleep deprivation portions (the “Aim 5” portion of the
protocol). These data will allow us to determine the effects on FMRI measures of brain
activation due to repeated measurements, independent of any sleep or sleep deprivation-related
effects.

BODY:

As of July 15, 2004, the end of Year 2 of this award, we have enrolled 21 subjects in this study.
Of these 21, 17 (10 females) have fully completed the study. Three of the remaining four
individuals voluntarily withdrew from the study. Two withdrew prior to any of the experimental
nights in the laboratory, while one withdrew due to an unwillingness to remain awake after
approximately 20 hours of the sleep deprivation portion of the study. The fourth individual was
withdrawn from the study prior to the experimental nights because he underwent dental work
after signing informed consent that made him ineligible for the MRI portion of the study (i.e., he
had a permanent retainer fitted). Overall, we accompllshed the main goals in our Statement of
Work for Year 2.

As reported in our Year 1 annual report, we originally experienced a delay in starting the study
due to technical difficulties with the magnetic resonance imaging (MRI) machines we planned to
use. Atthe end of April 2003, the Directors of the UCSD Center for Functional Magnetic
Resonance Imaging decided to replace the MRI machines due to these difficulties. At that time,
we decided to enroll subjects prior to the replacement of the magnets. Six subjects were
subsequently enrolled and completed the study. In December 2003 the Center closed for about
4 months to replace the MRI machines with different models. The Center reopened in late
March 2004 and we immediately began enrolling subjects again. However, due to this gap in
enroliment, we decided to delay enrolling subjects in Aim 5 of the study until Year 3. We did this
in order to enroll as many subjects as possible in the main study.

While the data generated from the study thus far must still be considered preliminary, we have
made three presentations based on this work. One data-driven poster was presented at the
Military Health Research Forum held in San Juan, Puerto Rico, in April 2004. At that same
meeting, Dr. Drummond (the Pl) gave an oral presentation covering issues in human subjects
protection that arise in sleep deprivation research. Finally, we gave a second poster
presentation at the Associated Professional Sleep Societies (APSS) annual meeting in June
2004. This last presentation was published in a special supplement to the journal SLEEP (see




references below). In addition, Dr. Drummond has presented preliminary brain imaging data
from this study as an example of studying individual differences in vulnerability to sleep
deprivation, as part of three larger invited oral presentations to international audiences.

KEY RESEARCH ACCOMPLISHMENTS:
e Enrolled 21 subjects into the study
e Completed 17 subjects throughout the entire protocol

REPORTABLE OUTCOMES:
1. Poster presentation at the Military Health Research Forum. San Juan, Puerto Rico, April
2004.

2. Oral presentation entitled, “Human Subjects Protection: Issues in Sleep Deprivation.”
Delivered during the Military Health Research Forum. San Juan, Puerto Rico, April 2004.
3. Poster presentation at the Associated Professional Sleep Societies (APSS) annual
meeting, June 2004 (see references, below).
4. Data presented as part of 3 larger international presentations:
a. “Functional Magnetic Resonance Imaging & Sleep Research.” Invited
presentation at the 2" Canadian Sleep Society Conference. May 14, 2004.
b. “Neuroimaging in Sleep Research.” Invited presentation delivered at the 2004
Associated Professional Sleep Societies 9" Annual Trainee Symposia Series.
June 6, 2004.
c. “The Effects of Sleep Loss on Brain Function as Measured with FMRI.”
Colloquium presented in the Department of Psychology at the Max Planck
Institute for Psychiatry, Munich Germany. July 14, 2004.

CONCLUSIONS:

Despite additional delays in data collection due to infrastructure issues beyond our control, we
accomplished the main goals set forth for Year 2. We anticipate continuing to successfully meet
the goals set forth in the Statement of Work for subsequent years. While our data analysis at
this point is quite preliminary, there are indications that this study will help identify the rate at
which performance on different cognitive tasks deteriorates with sleep loss and recovers with
subsequent sleep. Furthermore, we may be able to advance our understanding of the brain
function correlates of individual differences in vulnerability and resilience to sleep deprivation.

REFERENCES:
1. Offf, HJ, Chen, T, Salamat, J, Yanagi, M, Lopez, C, Drummond, SPA. Effects of 62-
Hours Total Sleep Deprivation and Recovery Sleep on Cognitive Performance. Sleep.
2004 27(Suppl 1):A144-145,

APPENDICES:
1. Copy of poster presentation from APSS meeting, June 2004 (reference #1 above).
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JDP Graduate Student Subcommittee to the Faculty Search Committee

Chair, APSS Trainee Program Committee

Member, Sleep Research Society Committee for Animal Research Ethics
Member, American Academy of Sleep Medicine Research Committee

Member, Sleep Research Society Trainee Education and Advisory Committee
Chair, Sleep Research Society Trainee Education and Advisory Committee

Review Contributions:

Journals

2001 - 2003

Reviewer for Sleep
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2001 - 2004 Reviewer for Journal of Sleep Research

2002 Ad Hoc reviewer for American J Respiratory & Critical Care Medicine
2002 Reviewer for Sleep Medicine Reviews
2002 Reviewer for Clinical Neurophysiology
2002 Reviewer for Journal of Studies on Alcohol
2002 Reviewer for Neuropsychology
2002 Reviewer for Journal of Psychosomatic Research
2002 Reviewer for American J Respiratory & Critical Care Medicine
2003 Reviewer for Brain Research
2004 Reviewer for Journal of Neuroscience
2004 Reviewer for International Journal of Psychophysiology
Grants
2003 Reviewer for Sleep Medicine Education & Research Foundation
2004 Reviewer for Netherlands Organization for Scientific Research (NWO)
2004 Reviewer for American Sleep Medicine Foundation

Other Professional Experiences:
1995-1998  Editor of the Sleep Trainee Email Network

1996 Chair, Sleep and Depression Symposia: APSS Conference

1997 Chair, Sleep and Depression II Symposia: APSS Conference

1997 Trainee Member-at-Large on the Sleep Research Society Board of Directors
PUBLICATIONS:

Manuscripts: .

1) McKenna, J., Mosko, S., Richard, C., Drummond, S., Hunt, L., Cetel, M., Arpaia, J.
Experimental studies of infant-parent cosleeping: Mutual physiological and behavioral
influences and their relevance to SIDS (Sudden Infant Death Syndrome). Early Human
Development. 1994, 38:187-201.

2) Perlis, M L., Giles, D.E., Fleming, G.M., Drummond, S.P.A.,‘ James, S.P. Sustained facial
muscle activity during REM Sleep and its correlation depression. Journal of Affective
Disorders. 1995, 35:163-71.

3) Richard, C., Mosko, S., McKenna, J., Drummond, S. Sleeping position, orientation, and
proximity in bedsharing infants and mothers. Sleep. 1996, 19(9):685-90.

4) Mosko, S., Richard, C., McKenna, J., Drummond, S. Infant sleep architecture during
bedsharing and possible implications for SIDS. Sleep. 1996, 19(9):677-84.

5) Perlis, M.L., Giles, D.E., Bootzin, R.R., Fleming, G.M., Drummond, S.P.A., Rose, M.W.,
Dikman, Z.V. Alpha sleep and information processing, perception of sleep, pain, and
arousability in fibromyalgia. International Journal of Neuroscience. 1997, 89:265-80.
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6) Mosko, S., Richard, C., McKenna, J., Drummond, S., Mukai, D. Maternal proximity and
infant CO2 environment during bedsharing and possible implications for SIDS research.
American Journal of Physical Anthropology. 1997, 103(3):315-28.

7) Drummond, S.P.A., Gillin, J.C., Smith, T.L., DeModena, A. The sleep of abstinent pure
primary alcoholic patients: Natural course and relationship to relapse. Alcoholism:
- Clinical and Experimental Research. 1998, 22(8):1796-1802.

8) Drummond, S.P.A., Brown, G.G., Stricker, J.L., Buxton, R.B., Wong E.C., Gillin, J.C. Sleep
deprivation induced reduction in cortical functional response to serial subtraction.
NeuroReport. 1999, 10(18):3745-3748.

9) Drummond, S.P.A., Brown, G.G., Gillin, J.C., Stricker, J L., Wong, E.C., Buxton, R.B.
Altered brain response to verbal learning following sleep deprivation. Nature. 2000,
403:655-657.

10) Landolt, H.-P., Drummond, S.P.A., Clark, C.P., Irwin, M., Gillin, J.C. Alcohol and sleep.
Alcoscope International Review of Alcoholism Management. 2000, 3(2):12-16.

11) Thorsteinsson, H.S. Gillin, J.C., Patten, C.A., Golshan, S., Sutton, L.D., Drummond, S.
Clark, C.P., Kelsoe, J., Rapaport, M. The effects of transdermal nicotine therapy for
smoking cessation on depressive symptoms in patients with major depression.
Neuropsychopharmacology. 2001, 24(4): 350-358.

12) Drummond, S.P.A., Gillin, J.C., Brown, G.G. Increased cerebral response during a divided
attention task following sleep deprivation. Journal of Sleep Research. 2001, 10(2): 85-92.

13) Drummond, S.P.A., Brown, G.G. The effects of total sleep deprivation on cerebral response
to cognitive performance. Neuropsychopharmacology. 2001, 25(S5): S68-S73.

14) Drummond, S.P.A., Brown G.G., Salamat, J.S. Brain Regions Involved in Simple and
Complex Grammatical Transformations. NeuroReport. 2003, 14(8):1117-1122.

15) Drummond, S.P.A., Smith, M.T., Chengazi, V., Perlis, M.L. Functional Imaging of the
Sleeping Brain: Review of findings and implications for the study of insomnia. Sleep
Medicine Reviews. 2004, 8(3):227-242.

16) Drummond, S.P.A., Brown, G.G., Salamat, J.S., Gillin, J.C. Increasing Task Difficulty
~ Facilitates the Cerebral Compensatory Response to Total Sleep Deprivation. SLEEP.
2004, 27(3): 445-451.

17) Mednick, S.C., Drummond, S.P.A. Sleep: a prescription for insight? INSOM. 2004 3:26-29.



S.P.A. Drummond, PhD : 9

Chapters, Manuals, and Unreviewed Contributions:

1) Moore, P., Drummond, S., Seifritz, E., Bhatti, T., Gillin, J.C. Sleep and Dreams. Chapter 60
in Michels, R., Cooper, A.M., Guze, S.B., Judd, L.J., Solnit, A.J., Stunkard, A.J.,
Weissman, M.M.,, eds. Psychiatry, Volume 3. J. Philadelphia: Lippincott-Raven
Publishers, 1997. pp. 1-20.

2) Perlis M.L., Drummond S.P., Hays T., Edgar D., eds. Survey of undergraduate, graduate and
postgraduate training opportunities in sleep research, Third Edition. Sleep Research
Society, 1997.

3) Perlis M.L., Edgar D.M., Drummond S.P.A., Hays T.C., eds. Survey of undergraduate,
graduate and postgraduate training opportunities in basic and clinical sleep research and
sleep medicine, Fourth Edition. Sleep Research Society, 1998.

4) Drummond, S.P.A. The joys of participation. In Opp, M.R., Eiland, M., eds. Sleep Research
Society Bulletin. 1999 5(3):42-44.

5) Gillin, J.C., Drummond, S.P.A. Medication and Substance Abuse. in Kyger, M.H. et al.,
(eds). Principles and Practice in Sleep Medicine, Third Edition. Philadelphia: W.B.
Saunders Company, 2000. pp.1176-1195.

6) Gillin, J.C., Buchsbaum, M.S., Wu, J., Hong, C., Gottschalk, L., Clark, C., Bunney, W.E.,
Drummond, S., Brown, G. Functional brain imaging during sleep and sleep deprivation in
health and disease. in Pack, A1, (ed). Pathogenesis, Diagnosis, and Treatment of Sleep
Apnea. New York: Marcel Crekker, Inc., 2002. pp.287-326.

7) Carr, W., Drummond, S.P.A., Nesthus, T. Neuroimaging Sleep Debt with FMRI in Short- and
Long-Sleepers. Aviation, Space, and Environmental Medicine. 2003 74(8):902-903.

8) Giliin, J.C., Drummond, S.P.A., Clark, C.P., Moore, P. Medication and Substance Abuse. in
Kyger, M.H. et al., (eds). Principles and Practice in Sleep Medicine, Fourth Edition.
Philadelphia: W.B. Saunders Company. (in press).

Abstracts:

# = Oral Conference Presentations (n=15). Others are Poster-only presentations (n=23)

1) Perlis, M.L., Fleming, G., Drummond, S., Bootzin, R. Sustained facial muscle activity during
REM sleep: a replication of previous findings. Abstract presentation at World Federation

of Sleep Research Societies conference, Cannes, France. 1991.

2) Perlis, M.L., Drummond, S., Fleming, G., Bootzin, R.R. The relationship between eye
movements and facial muscle activity. Sleep Research. 1991, 20:48.
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#3) Perlis, M.L., Livieratos, M., Drummond, S., Fleming, G., Bootzin, R. Alpha sleep and its
correlation to the subjective symptoms of Fibromyalgia. Sleep Research. 1992, 21:249.

#4) Perlis, M.L., Fleming, G., Drummond, S., Rose, M., Bootzin, R. Alpha sleep and cognitive
processing in Fibromyalgia. Sleep Research. 1992, 21:384.

5) Perlis, M.L., Drummond, S., Fleming, G., Livieratos, M., Bootzin, R. Alpha activity in
response to auditory stimuli in Fibromyalgia. Sleep Research. 1992, 21:143.

#6) McKenna, J., Mosko, S., Richard, C., Drummond, S., Arpaia, J., Cetel, M., Hunt, L.
Behavior and behavioral interactions of solitary and social sleeping human mother infant
pairs: implications for SIDS and infant development. Sleep Research. 1994, 23:135.

#7) Richard, C., Drummond, S., Hunt, L., Cetel, M., Arpaia, J., McKenna, J., Mosko, S.
Polysomnographic study of mother infant cosleeping. Sleep Research. 1994, 23:104.

8) Arpaia, J., Richard, C., Drummond, S., Hunt, L., Cetel, M., Mosko, S. Effects of sleep
condition (cosleeping or solitary sleeping) on the infant's cardiac interbeat interval
dynamics. Sleep Research. 1994, 23:97.

9) Drummond, S. Richard, C., Arpaia, J., Cetel, M., Hunt, L., McKenna, J., Mosko,S. REM
organization and fragmentation in cosleeping and solitary sleeping infants. Sleep
Research.1994, 23:168. '

10) Mosko, S., Richard, C., McKenna, J., Kayaleh, R., Drummond, S., Arpaia, J., Cetel, M.,
Hunt, L. CO environment of the cosleeping infant. Sleep Research. 1994, 23:102.

11) Mosko, S., Richard, C., McKenna, J., Drummond, S. Infant sleeping position and CO2
environment during cosleeping: The parent’s contribution. Pediatric Pulmonology. 1994,
18:394.

#12) Drummond,‘ S.P.A., Gillin, J.C., Irwin, M., Smith, T.L., Golshon, S., Demodena, A.,
Danowski, S. Schuckit, M. Sleep changes in patients with alcoholism after one year of
abstinence. Sleep Research. 1995, 24:159.

#13) Mosko, S., Richard, C., McKenna, J., Drummond, S. Sleep and arousals in cosleeping
infants and mothers. Sleep Research. 1995, 24:76

#14) Perlis, M.L., Fleming, G.M., Drummond, S.P.A., James, S.P. Sustained facial muscle
activity during REM Sleep in depressed subjects and its correlation with self reported
depression. Sleep Research. 1995, 24:176

#15) Richard, C., McKenna, J., Drummond, S., Mosko, S. Apnea in the cosleeping infant. Sleep
Research. 1995, 24:79.
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16) Drummond, S.P.A., Gillin, J.C., Hong, C., Valladares-Neto, D., Wu, J., Buchsbaum, M.S.
Localized cerebral glucose metabolism during the first NREM period before and after
sleep deprivation. Sleep Research. 1995, 24A:428.

17) Drummond, S.P.A., Gillin, J.C., Smith, T.L., Demodena, A., Schuckit, M. Can sleep after 3-
months of abstinence predict treatment outcome at 1-year in patients with pure
primary alcoholism? Sleep Research. 1996, 25:159.

#18) Drummond, S.P.A., Gillin, J.C., Smith, T.L., Demodena, A. Sleep changes and recovery
over 27 months in pure primary alcoholic patients. Sleep Research. 1997, 26:289

#19) Drummond, S.P.A., Brown, G.G., Kindermann, S.S., Buxton, R.B., Wong, E.C., Gillin,
J.C., Brain systems activated by the STM Distractor Task. The Clinical
Neuropsychologist. 1998, 12(2):278-9.

20) Drummdnd, S.P.A,, Gillin, J.C., Brown, G.G. Effects of working memory load on learning
after sleep deprivation. Sleep. 1998, 21(3):233.

#21) Drummond, S.P.A., Gillin, J.C., Stricker, J.L., Wang, E., Brown, G.G. Increased sleepiness
after TSD leads to increased activation of the prefrontal cortex as measured with FMRI
during a cognitive task. Sleep. 1999, 22(Suppl. 1):S236-S237.

#22) Gillin, J.C., Irwin, M., Drummond, S., Clark, C., Schuckit, M. Are abnormal sleep measures
a risk factor for relapse in recovering alcoholics? Talk presented at the annual conference
of the American College of Neuropsychopharmacology. December,1999.

23) Drummond, S.P.A., Goldin, P.R., Eyler Zorrilla, L.T., Tapert, S.F., Brown, G.G., Gillin, J.C.
Cognitive testing in the FMRI environment increases subjective sleepiness. Sleep. 2001,
24(Suppl.1): A408.

24) Drummond, S.P.A., Salamat, J.S., Kushinsky, A., Gillin, J.C., Brown, G.G. Brain Regions
Activated by Parametric Manipulation of Difficulty During Grammatical Reasoning.
Journal of Cognitive Neuroscience. 2002, Suppl1:51.

#25) Drummond, S.P.A., Kushinsky, A., Salamat, J.S., Brown, G.G., Gillin, J.C. Effects of
Cognitive Demands on Cerebral Response to Total Sleep Deprivation. Sleep. 2002,
25(Suppl 1):A88-A89.

26) Drummond, S.P.A,, Salamat, J.S., Brown, G.G. Compensation is Related to Word Difficulty
Following Total Sleep Deprivation. Journal of the International Neuropsychological
Society. 2003, 9(2): 321-322.

#27) Drummond, S.P.A., Salamat, J.S., Lopez C., Phillips, B. Role of Task Difficulty in Cerebral
Compensation Following Sleep Deprivation. Sleep. 2003, 26(Suppl 1):A181-A182.
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28) Drummond, S.P.A., Salamat, J.S., Brown, G.G, Dinges, D.F., Gillin, J.C. Brain Regions
Underlying Differential PVT Performance. Sleep. 2003, 26(Suppl 1):A183.

29) Phillips, B, Salamat, J.S., Lopez, C., Drummond, S.P.A. Gender and Sleep Deprivation
Effects on the Relationship Between Subjective Task Demands and Performance. Sleep.
2003, 26(Suppl 1):A200.

#30) Carr, W, Phillips, B., Dyche, J., Coard, B., & Drummond, S. P. A. Actigraphy in
Ambulatory Sleep-Wake Measurement. Paper presented at the 1** annual Fleet Review at
Naval Health Research Center, San Diego, CA. December 2003

31) Phillips, B. D., Drummond, S. P. A., Carr, W., & Yanagi, M. A.. Emotional Recognition in
the Face of Sleep Deprivation. Poster presented at the 76™ annual meeting of the
Midwestern Psychological Association, Chicago, IL. May 2004

32) Phillips, B.D., Yanagi, M.A., Carr, W. & Drummond, S.P.A. The Early Riser Gets The
Dream Recall. Sleep. 2004 27(Suppl 1):A59-60.

33) Carr, W, Phillips, B. D., & Drummond, S. P. A. SAFTE-FAST Model Assessment:
Individual Differences. Sleep. 2004 27(Suppl 1):A156.

34) Lopez, C., Phillips, B. D., Carr, W., Yanagi, M. A., & Drummond, S. P. A. (2004, June). The
Effects of Coping Strategies on Activity during Sleep Deprivation. Sleep. 2004 27(Supp1
1):A395-396

35) Phillips, B. D., Drummond, S. P. A., Carr, W., & Yanagi, M. A. (2004, June). Effect of
Prolonged Sleep Deprivation on the Ability to Identity Emotions in Faces. Sleep 2004
27(Suppl 1):A141.

36) Yanagi, M. A, Phillips, B. D., Carr, W., & Drummond, S. P. A. (2004, June). Verbal
Learning Performance Following 36 Hours of Total Sleep Deprivation in Long and Short .
Sleepers. Sleep2004 27(Suppl 1):A138.

37) Drummond, SPA, Salamat, JS, Lopez, C, Chen, T, Yanagi, M, Orff, H. Relationship
Between Modafinil and Cerebral Activation during Total Sleep Deprivation. Sleep. 2004
27(Suppl 1):A169.

38) Orff, HJ, Chen, T, Salamat, J, Yanagi, M, Lopez, C, Drummond, SPA. Effects of 62-Hours
Total Sleep Deprivation and Recovery Sleep on Cognitive Performance. Sleep. 2004
27(Suppl 1):A144-145.

#39) Drummond, S.P.A., Houston, W.S, Bondi, M.W. Relationship between self-reported prior
sleep quantity and cerebral activation in older adults. Journal of Sleep Research. (in
press).




